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ENDOSCOPE SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2009/067554 filed on Oct. 8, 2009 and claims benefit
of Japanese Application No. 2009-018485 filed in Japan on
Jan. 29, 2009, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an endoscope sys-
tem, and more particularly, to an endoscope system capable of
supporting insertion of an endoscope into an object to be
examined such as a body cavity.

[0004] 2. Description of the Related Art

[0005] Endoscopes are conventionally widely used in the
medical field and industrial field or the like, and, for example,
in the medical field, endoscopes are used to perform obser-
vation and various kinds of treatment on living tissue or the
like in the body cavity.

[0006] Furthermore, Japanese Patent Application Laid-
Open Publication No. 7-155289 discloses a technique of set-
ting a target position (moving direction and amount of move-
ment) as appropriate when extracting a dark region in an
observed image obtained by an endoscope and inserting the
endoscope in such a way that the center position of the dark
region matches the center position of the observed image.

SUMMARY OF THE INVENTION

[0007] An endoscope system according to the present
invention includes an endoscope provided with an image
pickup section that picks up an image of an object in a body
cavity, a position setting section that sets information on a
predetermined position in the object based on information
obtained from the image of the object picked up by the image
pickup section and a position correction section that corrects
the information on the predetermined position set by the
position setting section based on information on a boundary
line extracted in the image of the object picked up by the
image pickup section and outputs information on the cor-
rected position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram illustrating an example of a
configuration of main parts of an endoscope system accord-
ing to an embodiment of the present invention;

[0009] FIG. 2 is a diagram illustrating an example of pro-
cessing performed to set a bending target position;

[0010] FIG. 3 is a diagram illustrating an example of a
bending target position in an original image;

[0011] FIG. 4 is a diagram illustrating an example where a
circle imitating the distal end face of the distal end portion of
the endoscope is set in an original image;

[0012] FIG. 5 is a diagram illustrating an example of a
vector for correcting the bending target position;

[0013] FIG. 6 is a diagram illustrating an example where
the bending target position in FIG. 3 is corrected to a new
bending target position;

[0014] FIG. 7 is a diagram illustrating a first modification
example of the processing performed to set a bending target
position;
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[0015] FIG. 8 is a diagram illustrating a second modifica-
tion example of the processing performed to set a bending
target position;

[0016] FIG.9 is a diagram illustrating a third modification
example of the processing performed to set a bending target
position;

[0017] FIG. 10 is a diagram illustrating an example where
a circle imitating the distal end face of the distal end portion
of the endoscope is set in an original image and a portion
including the interior and boundary of the circle is divided
into a plurality of small regions; and

[0018] FIG. 11 is a diagram illustrating an example of a
route acquired when a gradient direction from a bright region
toward a dark region is sequentially traced.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] Hereinafter, an embodiment of the present invention
will be described with reference to the accompanying draw-
ings.

[0020] FIG. 1 to FIG. 11 are related to the embodiment of
the present invention. FIG. 1 is a diagram illustrating an
example of a configuration of main parts of an endoscope
system according to an embodiment of the present invention.
FIG. 2 is a diagram illustrating an example of processing
performed to set a bending target position. FIG. 3 is a diagram
illustrating an example of a bending target position in an
original image. FIG. 4 is a diagram illustrating an example
where a circle imitating the distal end face of the distal end
portion of the endoscope is set in an original image. FIG. 5 is
a diagram illustrating a vector for correcting the bending
target position obtained in the processing in FIG. 2. FIG. 6 is
a diagram illustrating an example where the bending target
position in FIG. 3 is corrected to a new bending target posi-
tion. FIG. 7 is a diagram illustrating a first modification
example of the processing performed to set a bending target
position. FIG. 8 is a diagram illustrating a second modifica-
tion example of the processing performed to set a bending
target position. FIG. 9 is a diagram illustrating a third modi-
fication example of the processing performed to set a bending
target position. FIG. 10 is a diagram illustrating an example
where a circle imitating the distal end face of the distal end
portion of the endoscope is set in an original image and a
portion including the interior and boundary of the circle is
divided into a plurality of small regions. FIG. 11 is a diagram
illustrating an example of a route acquired when a gradient
direction from a bright region toward a dark region is sequen-
tially traced.

[0021] As shown in FIG. 1, an endoscope system 1 is con-
figured by including an endoscope 2 inserted into a body
cavity of a patient as an object to be examined to pick up an
image of the object in the body cavity, a processor 6 to/from
which a connector 14 provided in the endoscope 2 can be
attached/detached, a sense coil unit 7 disposed in a periphery
of a bed on which the patient lies, an endoscope insertion
shape detection apparatus 8, a terminal apparatus 9 and moni-
tors 10a and 104.

[0022] Furthermore, the processor 6 includes a light source
section 3 that supplies illumination light for illuminating an
object which becomes an image pickup target to the endo-
scope 2, a signal processing section 4 that performs signal
processing on an image pickup signal outputted from the
endoscope 2 and thereby generates and outputs a video signal,



US 2010/0283841 Al

a bending control section 5 that performs bending control on
the endoscope 2 and a source coil drive section 43.

[0023] The endoscope 2 includes an elongated insertion
portion 11 inserted into the body cavity of the object to be
examined, an operation section 12 provided at a rear end of
the insertion portion 11 and a universal cord 13 that extends
out from the operation section 12. The connector 14 attach-
able/detachable to/from the processor 6 is provided at a rear
end of the universal cord 13.

[0024] The insertion portion 11 includes a rigid distal end
portion 15 provided at a distal end, a bending portion 16
connected at a rear end of the distal end portion 15 and a
flexible tube portion 17 having flexibility provided between a
rear end of the bending portion 16 and a front end of the
operation section 12. Furthermore, n source coils C1, C2, . ..
, Cn that generate magnetic fields corresponding to a source
coil drive signal applied from the source coil drive section 43
are provided at substantially equal intervals inside the inser-
tion portion 11.

[0025] The distal end portion 15 is configured by including
a circular distal end face. Furthermore, an image pickup sec-
tion 15a provided with an objective optical system that forms
an image of an object and an image pickup device that outputs
the image of the object formed through the objective optical
system as an image pickup signal or the like is provided at the
distal end portion 15.

[0026] The operation section 12 is provided with a scope
switch 18 that instructs acquisition of a freeze image (still
image) or the like, a bending mode changeover switch 19 that
instructs changeover of the bending mode of the bending
portion 16 to a manual mode or an automatic mode and a
bending joystick 20 that instructs, when the manual mode is
selected, a bending direction and a bending angle of the
bending portion 16. Furthermore, a treatment instrument
insertion port 39 through which a treatment instrument or the
like can be inserted and which leads to a channel (not shown)
for the treatment instrument is provided at a portion on the
rear end side of the flexible tube portion 17 and near the front
end of the operation section 12.

[0027] A light guide 21 that transmits illumination light
supplied from the light source section 3 to the distal end
portion 15 is inserted into the insertion portion 11 or the like
of the endoscope 2.

[0028] One end face (incident end face) of the light guide
21 is disposed protruding from the connector 14. On the other
hand, the other end face (outgoing end face) of the light guide
21 is disposed in the vicinity of an illumination optical system
(not shown) provided at the distal end portion 15. In such a
configuration, when the connector 14 is connected to the
processor 6, the illumination light supplied from the light
source section 3 passes through the light guide 21 and an
illumination optical system (not shown) and illuminates the
object which is the image pickup target of the image pickup
section 15a.

[0029] The light source section 3 provided with the func-
tion as a light source apparatus includes a lamp 22 that emits
illumination light which is, for example, white color light, a
lamp drive section 23 that supplies power necessary to drive
the lamp 22, a diaphragm 24, a diaphragm control section 25
that increases/decreases the amount of diaphragm (amount of
aperture) of the diaphragm 24 based on a video signal out-
putted from the signal processing section 4 and a condensing
optical system 26 that supplies the illumination light to the
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incident end face of the light guide 21 while condensing the
illumination light that has passed through the diaphragm 24.
[0030] The diaphragm control section 25 calculates aver-
age brightness based on, for example, the luminance compo-
nent of a video signal inputted, increases/decreases the
amount of diaphragm (amount of aperture) of the diaphragm
24 based on a difference value which is a value obtained by
subtracting a reference value corresponding to appropriate
brightness from the average brightness and thereby changes
the light amount of the illumination light that passes through
the diaphragm 24 as appropriate.

[0031] The signal processing section 4 includes an image
pickup device drive section 36 that outputs an image pickup
device drive signal to drive an image pickup device provided
in the image pickup section 154 and a video processing sec-
tion 37 that generates and outputs a video signal by applying
signal processing to the image pickup signal outputted from
the image pickup section 15a. In this way, the monitor 10a
displays an endoscope image la corresponding to the video
signal.

[0032] Whenthebending mode ofthe bending portion 16 is
changed to a manual mode based on an instruction given by
the bending mode changeover switch 19, the bending control
section 5 performs control to change the direction of bending
and the angle of bending of the bending portion 16 based on
the direction of inclination and the amount of inclination of
the bending joystick 20. Furthermore, when the bending
mode of the bending portion 16 is changed to an automatic
mode based on an instruction given by the bending mode
changeover switch 19, the bending control section 5 performs
control to change the direction of bending and the angle of
bending of the bending portion 16 based on the calculation
result of the terminal apparatus 9.

[0033] The source coil drive section 43 is connected to the
n source coils C1, C2, . . ., Cn provided inside the insertion
portion 11 and sequentially applies AC source coil drive
signals to the respective source coils. Thus, an AC magnetic
field is generated around each source coil provided inside the
insertion portion 11.

[0034] The sense coil unit 7 is provided with a sense coil
group 44 that detects magnetic fields emitted from the n
source coils C1, C2, . . ., Cn provided inside the insertion
portion 11 and outputs the detected values as magnetic field
detection signals.

[0035] The endoscope insertion shape detection apparatus
8 includes an amplifier 45 that amplifies the magnetic field
detection signals outputted from the sense coil unit 7, a source
coil position/orientation detection section 46 that detects
three-dimensional coordinate positions and orientations of
the n source coils C1, C2, . .., Cn based on the magnetic field
detection signals outputted from the amplifier 45 and outputs
the detected values as insertion shape information and an
insertion shape estimation section 47 that estimates an inser-
tion shape of the insertion portion 11 based on the insertion
shape information outputted from the source coil position/
orientation detection section 46 and outputs the estimated
value as an insertion shape image signal. In this way, the
monitor 105 displays an insertion shape image Ib of the
insertion portion 11 corresponding to the insertion shape
image signal.

[0036] The terminal apparatus 9 includes a calculation pro-
cessing section 91 that carries out a calculation on bending
control performed when the bending mode of the bending
portion 16 is an automatic mode based on the video signal
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outputted from the video processing section 37 and the inser-
tion shape information outputted from the source coil posi-
tion/orientation detection section 46 and outputs the calcula-
tion result to the bending control section 5. More specific
contents of the calculation performed by the calculation pro-
cessing section 91 will be described later.

[0037] Furthermore, the terminal apparatus 9 is provided
with a memory (not shown) that can temporarily store the
calculation result or the like of the calculation processing
section 91.

[0038] Next, operations of the endoscope system 1 will be
described. Hereinafter, suppose descriptions of the control
when the bending mode changeover switch 19 is changed to
the manual bending mode will be omitted and descriptions
will be focused on the control when the bending mode
changeover switch 19 is changed to the automatic bending
mode.

[0039] The operator connects and starts each section of the
endoscope system 1 first, and then inserts the insertion por-
tion 11 of the endoscope 2 into the body cavity of the patient
and changes the bending mode changeover switch 19 to the
automatic bending mode. Accordingly, image pickup of the
object by the image pickup section 15a of the endoscope 2
starts and each source coil provided in the insertion portion 11
starts to generate a magnetic field.

[0040] An image pickup signal outputted from the image
pickup section 154 along with image pickup of the object is
outputted to the processor 6 through the universal cord 13 and
the connector 14, converted to a video signal by the video
processing section 37 and then inputted to the calculation
processing section 91 of the terminal apparatus 9. On the
other hand, a magnetic field detection signal outputted from
the sense coil unit 7 along with generation of the magnetic
field in each source coil provided in the insertion portion 11 is
amplified by the amplifier 45, converted as three-dimensional
coordinate information of the source coil by the source coil
position/orientation detection section 46, an insertion shape
thereof is estimated by the insertion shape estimation section
47, and then inputted to the calculation processing section 91
of'theterminal apparatus 9 as an insertion shape image signal.
[0041] The calculation processing section 91 of the termi-
nal apparatus 9 performs processing based on the inputted
video signal and insertion shape image signal or the like,
thereby sets a bending target position (passage target posi-
tion) which becomes a passage target of the distal end portion
15 and outputs information on the set bending target position
to the bending control section 5.

[0042] Here, the processing performed by the calculation
processing section 91 when setting the aforementioned bend-
ing target position will be described.

[0043] First, the calculation processing section 91 acquires
an original image corresponding to an inputted video signal
(step S1 in FIG. 2).

[0044] Next, the calculation processing section 91 provided
with the function as a position setting section extracts a dark
region in the original image acquired in step S1 in FIG. 2 and
then sets the center of the dark region as a bending target
position (passage target position of the distal end portion 15)
of'the bending portion 16 by using publicly known processing
(step S2 in FIG. 2). Through such processing, a pixel position
in the original image as shown, for example, in FIG. 3 is set as
a bending target position.

[0045] Furthermore, the calculation processing section 91
sets a circle imitating the distal end face of the distal end
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portion 15 in the center of the acquired original image (step
S3 in FIG. 2) and then extracts the brightest region and a
boundary line of the brightest region in the original image
(step S4 in FIG. 2). The circle imitating the distal end face of
the distal end portion 15 is as shown, for example, in FIG. 4.
[0046] Here, a more specific example of the processing
performed to extract the brightest region will be described.
[0047] First, the calculation processing section 91 divides
the original image into a plurality of equally spaced rectan-
gular regions, identifies one pixel corresponding to the center
of'gravity of the rectangular region having the highest average
of'pixel values, and then compares pixel values of four nearby
pixels neighboring the one pixel with a predetermined thresh-
old.

[0048] Next, while regarding pixels provided with pixel
values equal to or above the predetermined threshold as pixels
that belong to the brightest region, the calculation processing
section 91 compares pixel values of four neighboring pixels
of'each pixel which has newly come to belong to the brightest
region with a predetermined threshold.

[0049] By repeatedly performing the aforementioned com-
parison processing until no pixel regarded as belonging to the
brightest region is left, it is possible to obtain extraction
results of the brightest region and the boundary line of the
brightest region.

[0050] On the other hand, the calculation processing sec-
tion 91 calculates the area of the portion of the brightest
region extracted in step S4 in FIG. 2 that belongs to the
interior of the circle set in step S3 in FIG. 2 (step S5 in FIG.
2).

[0051] After that, the calculation processing section 91
judges whether the ratio of the area of the brightest region
inside the circle to the area of the entire circle set in step S3 in
FIG. 2 is 0.2 or more (step S6 in FIG. 2). Upon detecting that
the area ratio is less than 0.2, the calculation processing
section 91 considers it unnecessary to correct the bending
target position calculated in step S2 in FIG. 2 and outputs the
calculation result of the bending target position to the bending
control section 5. Furthermore, upon detecting that the area
ratio is 0.2 or above, the calculation processing section 91
considers it necessary to correct the bending target position
calculated in step S2 in FIG. 2 and continues to perform
processing from step S7 in FIG. 2 onward.

[0052] The calculation processing section 91 performs pro-
cessing such as a Hough transform and thereby linearizes the
boundary line in the brightest region that belongs to the inte-
rior of the circle set in step S3 in FIG. 2 (step S7 in FIG. 2).
[0053] Furthermore, the calculation processing section 91
calculates the direction of the normal to the boundary line
linearized in step S7 in FIG. 2 (step S8 in FIG. 2). To be more
specific, the calculation processing section 91 calculates a
direction opposite to the direction in which the center of
gravity of the brightest region that belongs to the interior of
the circle exists as the direction of the normal to the boundary
line linearized in step S7 in FIG. 2.

[0054] Next, the calculation processing section 91 calcu-
lates a vector for correcting the bending target position Va
having a center D1 of the circle set in step S3 in FIG. 2 as a
starting point, having the same size as a radius R1 of the circle
and oriented toward the same direction as the direction of the
normal calculated in step S8 in FIG. 2 as a vector as shown,
for example, in FIG. 5 (step S9 in FIG. 2). Furthermore,
before and after the processing in step S9 in FIG. 2, the
calculation processing section 91 performs processing of cal-
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culating a vector Vb, the starting point of which is the center
D1 of the circle set in step S3 in FIG. 2 and the end point of
which is the bending target position calculated in step S2 in
FIG. 2.

[0055] The calculation processing section 91 provided with
the function as a position correction section generates a com-
bined vector obtained by adding up the aforementioned vec-
tors Va and Vb at a first ratio and then sets the pixel position
which corresponds to the end point of the combined vector as
the corrected bending target position (step S10 in FIG. 2).
Through such processing, the bending target position calcu-
lated in step S2 in FIG. 2 is corrected to a new bending target
position as shown, for example, in FIG. 6.

[0056] Afterthat, the calculation processing section 91 out-
puts the calculation result of the corrected bending target
position obtained in step S10 in FIG. 2 to the bending control
section 5.

[0057] Thebending control section 5 then performs control
based on the processing result of the series of processes
shown in FIG. 2, and can thereby bend the bending portion 16
so as to avoid contact of the distal end face of the distal end
portion 15 with the fold or body wall in the body cavity as
much as possible.

[0058] According to the present embodiment, as shown, for
example, in the following modification examples, it is also
possible to correct the bending target position using the
extraction result of the dark region in the original image and
elements other than the extraction result of the brightest
region in the original image.

[0059] Here, as a first modification example of the present
embodiment, a series of processes performed to correct the
bending target position using an extraction result of a dark
region in an original image and an extraction result of an edge
in the original image will be described with reference to FIG.
7.

[0060] First, the calculation processing section 91 acquires
an original image corresponding to an inputted video signal
(step S21 FIG. 7).

[0061] Next, the calculation processing section 91 extracts
a dark region in the original image acquired in step S21 in
FIG. 7, and then sets the center of the dark region as a bending
target position of the bending portion 16 (passage target posi-
tion of the distal end portion 15) using publicly known pro-
cessing (step S22 in FIG. 7).

[0062] Furthermore, the calculation processing section 91
sets a circle imitating the distal end face of the distal end
portion 15 in the center of the acquired original image (step
S23in FIG. 7) and then extracts an edge included in the circle
(step S24 in FIG. 7).

[0063] Afterthat, the calculation processing section 91 cal-
culates the direction of the normal to the edge extracted in
step S24 in FIG. 7 (step S25 in FIG. 7). To be more specific,
the calculation processing section 91 calculates such a direc-
tion that the angle formed with a vector oriented from the
center of the edge toward the bending target position is less
than 90° as the direction of the normal of the edge.

[0064] Next, the calculation processing section 91 calcu-
lates a vector for correcting the bending target position Ve
having a center D2 of the circle set in step S23 in FIG. 7 as a
starting point, having the same size as the radius R2 of the
circle and oriented in the same direction as the direction of the
normal calculated in step S25 in FIG. 7 (step S26 in FIG. 7).
Furthermore, before and after the processing in step S26 in
FIG. 7, the calculation processing section 91 performs pro-
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cessing of calculating a vector Vd, the starting point of which
is the center D2 of the circle set in step S23 in FIG. 7 and the
end point of which is the bending target position calculated in
step S22 in FIG. 7.

[0065] The calculation processing section 91 generates a
combined vector obtained by adding up the aforementioned
vectors Ve and Vd at a second ratio and then sets a pixel
position which corresponds to the end point of the combined
vector as the corrected bending target position (step S27 in
FIG. 7). Through such processing, the bending target position
calculated in step S22 in FIG. 7 is corrected to a new bending
target position.

[0066] Afterthat, the calculation processing section 91 out-
puts the calculation result of the corrected bending target
position obtained in step S27 in FIG. 7 to the bending control
section 5.

[0067] Thebending control section 5 then performs control
based on the processing result of the series of processes
shown in FIG. 7, and can thereby bend the bending portion 16
s0 as to avoid contact of the distal end face of the distal end
portion 15 with the fold or body wall in the body cavity as
much as possible.

[0068] Here, as a second modification example of the
present embodiment, a series of processes performed to cor-
rect the bending target position using the extraction result of
the dark region in the original image and the extraction result
of color tone in the original image will be described with
reference to FIG. 8.

[0069] First, the calculation processing section 91 acquires
an original image corresponding to an inputted video signal
(step S41 in FIG. 8).

[0070] Next, the calculation processing section 91 extracts
a dark region in the original image acquired in step S41 in
FIG. 8 and then sets the center of the dark region as a bending
target position of the bending portion 16 (passage target posi-
tion of the distal end portion 15) using publicly known pro-
cessing (step S42 in FIG. 8).

[0071] Furthermore, the calculation processing section 91
sets a circle imitating the distal end face of the distal end
portion 15 in the center of the acquired original image (step
S43 in FIG. 8), then connects and paints proximity pixels
having similar color tones in the original image and thereby
divides the original image into a plurality of small regions
(step S44 in FIG. 8). Suppose the calculation processing
section 91 performs processing using a watershed algorithm
or segmentation algorithm based on an image pyramid or the
like as the processing in step S44 in FIG. 8.

[0072] The calculation processing section 91 detects a
color tone of'a small region having a portion overlapping with
the interior of the circle set in step S43 in FIG. 8 out of the
plurality of small regions obtained in step S44 in FIG. 8 (step
S45 in FIG. 8).

[0073] After that, the calculation processing section 91
judges whether or not the small region is a region showing a
residue based on the color tone of the small region detected in
step S45 in FIG. 8 (step S46 in FIG. 8).

[0074] Here, a specific example of the processing per-
formed to judge whether or not the small region is a region
showing a residue based on the color tone will be described.
[0075] First, the calculation processing section 91 converts
RGB values of the small region detected in step S45 in FIG.
8 to chromaticity coordinates (X, y) using publicly known
processing.
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[0076] Next, the calculation processing section 91 judges
whether or not the obtained chromaticity coordinates (x, y)
satisfy the relationship in Expression (1) below in a CIExy
chromaticity diagram.

(Expression 1)

(0.4-0.0) )
V> GeomF 0

[0077] When the obtained chromaticity coordinates (X, y)
do not satisfy the relationship in Expression (1) above, the
calculation processing section 91 judges that the small region
detected in step S45 in FIG. 8 shows an element (blood or the
like) other than the residue, and also considers it unnecessary
to correct the bending target position calculated in step S42 in
FIG. 8 and outputs the calculation result of the bending target
position to the bending control section 5. On the other hand,
when the obtained chromaticity coordinates (x, y) satisfy the
relationship in Expression (1) above, the calculation process-
ing section 91 judges that the small region detected in step
S45 in FIG. 8 shows a residue, considers it necessary to
correct the bending target position calculated in step S42 in
FIG. 8 and continues to perform processing from step S47 in
FIG. 8 onward.

[0078] After that, the calculation processing section 91
approximates the small region judged to show the residue
with an ellipse (step S47 in FIG. 8).

[0079] Based on the ellipse obtained in step S47 in FIG. 8,
the calculation processing section 91 calculates two tangent
vectors Vel and Ve2, the starting point of which is the center
of the original image and the end point of which is a contact
in the ellipse. Furthermore, the calculation processing section
91 calculates a vector V1, the starting point of which is a
center D3 of the circle set in step S43 in FIG. 8 and the end
point of which is the bending target position calculated in step
S42 in FIG. 8.

[0080] Of the two tangent vectors Vel and Ve2, the calcu-
lation processing section 91 calculates one tangent vector
having a relatively small angle formed with the vector Vfas a
vector for correcting the bending target position (step S48 in
FIG. 8).

[0081] The calculation processing section 91 generates a
combined vector obtained by adding up the aforementioned
one tangent vector (Vel or Ve2) and vector VTt at a third ratio
and sets the pixel position which corresponds to the end point
of'the combined vector as a corrected bending target position
(step S49 in FIG. 8). Through such processing, the bending
target position calculated in step S42 in FIG. 8 is corrected to
a new bending target position.

[0082] Afterthat, the calculation processing section 91 out-
puts the calculation result of the corrected bending target
position obtained in step S49 in FIG. 8 to the bending control
section 5.

[0083] Thebending control section 5 then performs control
based on the processing result of the series of processes
shown in FIG. 8 and can thereby bend the bending portion 16
so as to avoid contact of the distal end face of the distal end
portion 15 with the residue existing in the body cavity as
much as possible.

[0084] Here, as a third modification example of the present
embodiment, a series of processes performed to correct the
bending target position using the extraction result of the dark
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region in the original image and the extraction result of a
gradient of pixel values in the original image will be
described with reference to FIG. 9 or the like.

[0085] First, the calculation processing section 91 acquires
an original image corresponding to an inputted video signal
(step S61 in FIG. 9).

[0086] Next, the calculation processing section 91 extracts
a dark region in the original image acquired in step S61 in
FIG. 9 and then sets the center of the dark region as a bending
target position of the bending portion 16 (passage target posi-
tion of the distal end portion 15) using publicly known pro-
cessing (step S62 in FIG. 9).

[0087] Furthermore, the calculation processing section 91
sets a circle imitating the distal end face of the distal end
portion 15 in the center of the acquired original image (step
S63 in FIG. 9) and then divides the portion including the
interior and a boundary of the circle into a plurality of small
rectangular regions (step S64 in FIG. 9). To be more specific,
the circle setin step S63 in FIG. 9 is divided into a plurality of
small regions as shown, for example, in FIG. 10 through the
processing in step S64 in FIG. 9.

[0088] Next, the calculation processing section 91 calcu-
lates an average of pixel values in each small region obtained
in step S64 in FIG. 9 (step S65 in FIG. 9).

[0089] Furthermore, the calculation processing section 91
detects a gradient direction from the bright region toward the
dark region for each small region using the average of pixel
values in each small region calculated through the processing
instep S65 in FIG. 9 (step S66 in FIG. 9). To be more specific,
the calculation processing section 91 compares the average of
pixel values in one small region with averages of pixel values
in eight small regions in the vicinity of the one small region
respectively and detects a direction in which small regions
exist whose average of pixel values is lower than the one small
region out of the eight nearby small regions as the aforemen-
tioned gradient direction (for each region).

[0090] On the other hand, the calculation processing sec-
tion 91 sequentially traces the gradient directions detected in
step S66 in FIG. 9 and thereby acquires a route from the small
region including the center of the circle set in step S63 in F1G.
9 to the small region near the boundary ofthe circle. The route
is acquired as shown, for example, in FIG. 11.

[0091] The calculation processing section 91 then calcu-
lates a vector for correcting the bending target position Vg,
the starting point of which is a center D4 of the circle set in
step S63 in FIG. 9, having the same size as a radius R4 of the
circle, oriented toward the same direction as the gradient
direction in a small region including the start point of the
route or the gradient direction in a small region including the
end point of the route (step S67 in FIG. 9). Furthermore,
before and after the processing in step S67 in FIG. 9, the
calculation processing section 91 performs processing of cal-
culating a vector Vh, the starting point of which is the center
D4 of the circle set in step S63 in FIG. 9 and the end point of
which is the bending target position calculated in step S62 in
FIG. 9.

[0092] The calculation processing section 91 generates a
combined vector obtained by adding up the aforementioned
vectors Vg and Vh at a fourth ratio and then sets a pixel
position corresponding to the end point of the combined
vector as a corrected bending target position (step S68 in F1G.
9). Through such processing, the bending target position cal-
culated in step S62 in FIG. 9 is corrected to a new bending
target position.
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[0093] Afterthat, the calculation processing section 91 out-
puts the calculation result of the corrected bending target
position obtained in step S68 in FI1G. 9 to the bending control
section 5.

[0094] The bending control section 5 then performs control
based on the processing result of the series of processes
shown in FIG. 9, and can thereby bend the bending portion 16
so as to avoid contact of the distal end face of the distal end
portion 15 with the fold or body wall existing in the body
cavity as much as possible.

[0095] As described above, the endoscope system 1 of the
present embodiment performs a calculation using the extrac-
tion result of the dark region in the original image and image
elements other than the extraction result of the dark region in
the original image, and can thereby set an appropriate bend-
ing target position (passage target position) such that the
distal end face of the distal end portion 15 does not contact an
object existing in the insertion direction of the endoscope 2.
Therefore, the endoscope system 1 of the present embodi-
ment can insert the endoscope more smoothly than conven-
tional ones.

[0096] On the other hand, in addition to the case where a
preset one bending target position is corrected and the bend-
ing portion is bent according to another corrected bending
target position, the present embodiment may also include an
application example where, for example, a preset one image
pickup target position is corrected and the image pickup state
of the image pickup section is adjusted according to another
corrected image pickup target position.

[0097] To be more specific, examples of the configuration
corresponding to the aforementioned application example
include a configuration where the objective optical system of
the image pickup section 15a includes a zoom lens and the
processor 6 includes a lens drive control section to drive the
zoom lens.

[0098] Furthermore, as an operation corresponding to the
aforementioned configuration, the calculation processing
section 91 performs processing of setting one image pickup
target position based on one piece of information (informa-
tion on the dark region) obtained from the image of the object
picked up by the image pickup section 154 and then calculat-
ing another image pickup target position, which is different
from the one image pickup target position based on other
information (information on any one of the bright region,
edge, color tone and gradient of the pixel value) obtained
from the image. Furthermore, following the above described
processing, when the other image pickup target position is
outside the image (outside the range of the observation field
of view of the image pickup section 15a), the lens drive
control section performs control so as to drive the zoom lens
of the image pickup section 154 to the wide-angle side.
[0099] When an application example provided with the
above described configuration and operation is executed, it is
possible to obtain an effect of being able to insert the endo-
scope more smoothly than conventional ones.

[0100] The present invention is not limited to the aforemen-
tioned embodiment, but it goes without saying that the
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present invention can be modified or applied in various ways
without departing from the spirit and scope of the invention.

What is claimed is:

1. An endoscope system comprising:

an endoscope provided with an image pickup section that
picks up an image of an object in a body cavity;

a position setting section that sets information on a prede-
termined position in the object based on information
obtained from the image of the object picked up by the
image pickup section; and

a position correction section that corrects the information
on the predetermined position set by the position setting
section based on information on a boundary line
extracted in the image of the object picked up by the
image pickup section and outputs information on the
corrected position.

2. The endoscope system according to claim 1, further
comprising an image pickup state adjusting section that
adjusts an image pickup state of the image pickup section
based on information on the corrected position outputted
from the position correction section.

3. The endoscope system according to claim 1, further
comprising:

an endoscope comprising an insertion portion having a
distal end portion provided with the image pickup sec-
tion and inserted into a body cavity and a bending por-
tion that bends the insertion portion; and

a bending control section that performs control of bending
the bending portion based on information on the cor-
rected position outputted from the position correction
section,

wherein the information on the predetermined position is a
predetermined target position through which the distal
end portion is passed.

4. The endoscope system according to claim 1, wherein the
information obtained from the image of the object is infor-
mation on a dark region of the image.

5. The endoscope system according to claim 1, wherein the
information on the boundary line is extracted using informa-
tion on a bright region of the image.

6. The endoscope system according to claim 1, wherein the
information on the boundary line is extracted using informa-
tion on an edge of the image.

7. The endoscope system according to claim 1, wherein the
information on the boundary line is extracted using informa-
tion on a color tone of the image.

8. The endoscope system according to claim 1, wherein the
information on the boundary line is extracted using informa-
tion on a gradient of pixel values of the image.

9. The endoscope system according to claim 4, wherein the
information on the boundary line is extracted using any one of
information on a bright region of the image, information on
an edge of the image, information on a color tone of the image
and information on a gradient of pixel values of the image.
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